These characteristics of sound fields can be measured in most cases, usually by means o f scanning the field with probes, hydrophones or other recording devices and gathering many numerical results from which the sound field c a n b e mapped.
But there are many instances where the introduction o f a probe into the sonic field disturbs the field (by possibly scattering or reflecting parts of the intercepted sound energy) and this invasion may contribute to errors which may already exist because w e usually do not know what changes have been introduced when a mechanical vibration is "translated" into a n electrical signal from t h e transducer to a n electronic display device like a n osc i l loscope.
S o there are different potential errors in making a measurement.
Therefore, one might wish to u s e a method which is non-invasive, does not disturb the sound field, and does not depend o n a conversion from mechanical vibration energy to an electronic signal which can then be processed.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19902150
C2-642
COLLOQUE DE PHYSIQUE Fortunately, such a method exists.
In its usual application it is limited to frequencies in the inaudible range, starting at about 100 kHz and ending, in principle, in the gigahertz region. This method is based on phonon-photon interactions, and is referred to as acoqsto-optics.
If it is used the sound field never knows that it is being measured, so the method is non-invasive. The method is not new, it was first suggested as a possibility in 1922 by Brillouin / l / .
However, it was not successfully tried until the 1930s.
-PRINCIPLES OF ACOUSTO-OPTIC INTERACTION
A sound wave is a pressure wave. As it travels through a transparent medium, it changes the index of refraction of the medium in a periodic fashion, determined by the sound wavelength S*. If a beam of monochromatic light with wavelength S travels through the sound.wave, the originally plane wave fronts of the light beam will emerge with a very slight corrugation. The sound wave has acted as a phase grating for the light beam; constructive end destructive interference will create a light diffraction pattern where the angle between the orders, 8 , is given by sine = S/&*.
Since diffraction patterns usually have angular spacing5 of a few degrees or less, it is evident that the sound frequency must be rather high (short S*) if visible light is to be used and the interaction is to take place in a transparent liquid where the velocity is around 1500 m/s or in a transparent solid where the longitudinal velocity may be 10 km/s or higher.
The principle of the interaction is shown in Fig. 1 This then is the basic idea behind the visualization of an entire ultrasonic field. We should, however, be aware of the fact that one does not necessarily obtain an accurate picture of the exact pressure levels which exist in the field at any point (after all, the light integrates over a depth of the field and the diffraction order light intensity is not p'roportional to the pressure, as is seen from the Bessel function formulation above). 
-VISUALIZATION OF SOUND FIELDS
We have just mentioned pulsed waves, which are used in sonar and other applications in medicine and many other fields like nondestructive testing, quality control, material characterization and more. In most of these cases one is interested in an echo or more specifically, in reflection and transmission and the changes in the sound pattern which such diScontinu'ities mlght eai~se. In the following we will look at bounded beam continuous waves and some of the beam changes which are caused by impedance mismatches such a 5 reflection, material boundaries and other discontinuities.
We will now no longer inspect the diffraction pattern but will concentrate on the imaae, the picture, the visualization, of the sound beam before and after it encounters a discontinuity in the medium through which it propagates. We will look at some problems in physical acoustics, mode conversion, scale model studies o f reflection from an ice cover in the Arctic and other phenomena which are usually extremely difficult to measure with hydrophone or transducer-pickup methods.
Beam Visualization
The first question one might want to ask concerns the type of beam a given transducer produces. Putting the transducer into a transparent Piquid and using the schlieren apparatus (Fig. 3) will show the beam structure with side-lobes and the near-field structure a s shown in Figs. 7 and 8, which were taken from an early book on Ultrasonics /7/. Clearly, shape and size a s well as frequency determine the particular form of the output, the number of lobes and the extent of the near-field. Fig. 9 where a 2 MHz beam is focused by a Plexiglas lens. Regions of the lens with regions of transmissions and np transmission are clearly spaced (depending on the thickness of the focusing lens compared to the wavelength of the ultrasound in the lens material).
Another example of beam configuration is shown in
The focal point and with it the local intensity of sound clearly depends also on the velocity in the medium.
Knowledge of these parameters are important in medical ultrasound, and, to some extent, in nondestructive testing.
Visual inspection of transducer performance clearly is a great help so that possible peculiarities of transducers or focusing devices can be avoided. Moreover, knowled'ge of the output of the sound source wi'll make it possible to use the far-field of the transducer which no longer is influenced greatly by side lobes or near-field effects. It is evident that one can make a thickness measurement of a plate without having to touch the plate at all (or not being able to reach the inside of a metal pipe or container) -simply by matchinng the angles of incidence where plate modes are excited to the appropriate dispersion curve. This is often a great help in material characterization or nondestructive testing.
Reflections and Wave Modes Analysis

Scale Model Studies
In principle, the technique described above can be used for scale model studies whenever it is possible to reduce the dimensions and wavelengths involved so that an initial light diffraction pattern can be obtained. As an example consider the Arctic ice cover, which is usually on the order of 2.5 m thick, and a sonar signal of frequency 3 k H z .
The product fd is 7 , the same as for an ice plate of 2.5 mm thickness and a frequency of 3 MHz.
This makes it possible to conduct laboratory studies of Lamb or Rayleigh modes, reflectivity, or variations in ice thickness in precisely the same manner as was indicated above for the brass plate immersed in water. Unfortunatley, now one has a three-layer system (water-ice-air) which complicates the theoretical analysis significantly. Nevertheless, modes can be excited and observed and interesting results can be obtained. Again, an evaluation of reflectivity patterns does go beyond the scope of this contribution.
To illustrate the complexity of the problem consider that the Arctic ice cover frequently has large half-round or triangular ridges on the water side and ice plates often have cracks and complete breaks. These present formidable irregularities for thg periodicity of the propagation of any mode established in the ice or on the ice/water interface In order to have a qualitative look to see what happens when a geometric structure like a ridge is in the pathe of a Lamb wave we excited a Lamb mode on a metal plate near a triangular ridge. A nonspecular reflection and a transmission is seen shortly on the up-stream side of the plate and then a series of very strong radiation filaments leave the area of the ridge, as is seen in Fig. 11 .
The pattern changes with the Lamb mode used and the distance of incidence point to the location of the wedge.
At the free ednd of a plate in a liquid, the Lamb mode is partly reflected in the plate but a great deal of energy leaves the plate in rather intricate patterns, again, depending on the mode as is seen, as an example without an attempt of analysis, in Fig. 12 .
-CONCLUSION
It is evident from all t h e examples given above that the acousto~.optic image c a n provide a ery detailed qualitative picture o f very complex radiation patterns, whose interpretation is not always easy, often imposssible. Nevertheless, it,would appear that any attempt to map out a radiation field a s complex a s some shown in this contribution would b e inconvenient and no doubt very time consuming and perhaps far from being a s detailed, if a hydrophone or a probe were introduced; more than likely, the probe would act a s a scatterer itself and the results would not correspond to the sound field a s it exists in its undisturbed form.
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